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SUMNMARY

The dynamo~-theory of irregular SPP-s of the peomagnetic field
occurring during polar bay-like disturbances is discussed in this paper.
L formula is proposed, which links the SPP amplitudes with the pulsations

of aurora glow.

*
* *

The works [1 = 5] bring forth tre facts pointing to the close
relationsh»ip between the nulsations of polar aurora and the SPP-s of the
geomarnetic field of the type sip and pc®. Thus, during polar bay-like
disturbances and universal magnetic storms, the greater part of pulsation
peaks of aurora glow are attended by pecsks of irregular SPP-s of the geo-
magnetic field. Moreover, both the pulsations 2nd the SPP-s have identical

spectra and 2 tendency is noted to SPP amplitude increase with the rise of

the amplitude of pulsations, and so forth. l/;'tf
such a close link of both events cllows — -
| e
the assumption that the aurora glow and type-sip 1

and -pc® pulsations constitute different manifes-

tations of the same event — the intrusion of

VH

plasma flux in the aurora zone of the upper atmo-
sphere, This intrusion induces the appearance of aurorae and of the region

of increased ionization in the 100 ~ 200 km altitude range.

* PUL'SATSII SVECHELNIYA POIYARNYIH SIYANIY I IRREGULYARNYYE KPK GEOMAGNIT-
NOGO POILYA



It is well known from observations [6] that the region of inerea-
sed ionization in the aurora zone may have dimensions in longitude from
20 to 400 km and from 1000 to 5000 in latitude. Consequently, in the first
anoroximation the region of increased jionization may be repres~nted by an
infinite band, in w-ich the ionization density is significantly greater
than that of the surrounding ionosphere, that is N:;>I¢°.At the same time,
the masgnetic field is directed downward along the axis 2z and the velocity
vector of the ionospheric wind is perpendicular to the boundaries of the
irregularity (see figure of the preceding page). It was shown in the works
[7 = 10] that the plasma flux intruding the upper atmosphere fluctuates.
The magnitude of fluctuations with periods to 10 sec. constitutes 1 —— 10%
of the total flux intensity. The fluctuations of the primary flux induce
pulsations of aurora glow. The primary particles, electrons and ions, passing
through the rarefied gas of the upper atmosvhere, induce a simultaneous emer-
gence of excited and ionized particles. At the same time the rate of ion
formation and the intensity of glow are link~d in the first approximation
by a correlation of the form

¢ =— 5l

oa

where 6, is the effective ion formation cross section; 6, is the effective
cross section of emission de-excitatiosn with wavelength Aj q is the rate
of ion formatioa; 8 is the glow intensity of the emission excited by pri-
mary electrons.

The ionization balance equation is written in the form

Ley—am, )
where N is the density of ionizationj; & is the recombination coefficient.
In case of irregular short-neriod oscillations the rate of ion formation
may be represented with a sufficient precision by a sequence of triangular
pulses, with the possibility for everyone of them to be renresented by the
following function

q(t) =0, t < o,
q(?) = k¢, h<t<T/2, (3)
qit) =k(T —1t), T/2<t<T. '



At consideration of SPP the period of action of the ion-forming
function may be taken sufficiently small for the number of particles, having
recombined during the zction time of the pulse to be neglected, that is, to
estimate that ¢S 'aNTq At & ~ 1070
for SPP-s with period from 1 to 100 sec, Consequently, if the function is

— 10-9 this admission will be valid

represented in the form (3), the solution of the equation will have the form

where 8”; is the maximum densiiy of ionirzntiony q, is the maxinun rate of
ion formationy; T is *the action period of the ion~forming function. The
eouation (&) may be written in another form, substituting in place of ion

formation rate its expression tkrovgh the intensity of glow, Then

.
ONp =2 Zar. (5)
4] 9

1

The equation (5) is valid in the case when the enission glow exci-
tation is trigrered by the sume varticles as the ionization. According to
the ovinion of most of the researchers, such emission is that of the line
3914 K [11]. In case of uniform ionosvhere the flow of a partly ionized
gas of the ionosphere in the marmetic field of the Earth leads to the exist-
ence in the system of coordinates,linlked with moving gas particles, of an
induced electric field [12 = 14]. If we estimrte that the vector of the geo-

marnetic field is directed verticallv ‘Jovmvard, the value of the field is
1

The electric field induces electron and ion currents

EF . [EH]
je=NoleE—1’V0'ze [HI], ].1‘=N0'11E+N0'21[IIH] ’ (6)

where gi gei are resvectively the electron wnd ion conductance along and
scrosz the nio-nctic field, The currents are induced by particle motion with
» velocity u parallelwise and perpendicularly to E. The motion velocity,

parallelwise to E, is determined by the equality

]\70'19’ iR o= Ncune, i (7)



Conseguently,

No & iE Vo
= - =D,
N, v2 -+ -

(8)

alle i ==

The Tlow velocily of nariicles wnerpendicularly to E is analogously
determined as follows

— 2
.—_—U'
vZ + w?

e, 1 —

2%

Accordinec to data of [81, at heirchts from 1uC to 200 km, that is
at the level of the E=layer
0/ (vez + 0l) ~ ’1, 02/ (Vi2+ w?) << 1 (9).

anc

va [ (v + o) K1

for ions as well ss for electrons, Consequently
ull‘)' : < v, u.Li < v, u.Li ~ -V, (‘10)

that isy the electrons are fixed in the ionosphere relative to observer on
Ezrth, while the ions move with the gas., Therefore, the motion of particles
in the ionosphere in the 100 - 200 km altitude range leads to the partition
of charges, In cuse of the existence of irregularity in the ionosphere,
similar to the one described zbove, this charge partition will lead to

the accumulation of charpges on the walls of the irregularity if the motion
of particles has a velocity component perpendicular to these walls. The
field induced by these charges lowers the Hall current. The magnitude of

the polarization field is determined from the equality of the normal current

density cormponents at irregularity boundary [13, 14], that is,

. l£1 ; Lh
Jn = — Nooy HI] = Nou£p — NG'“'[ ”1] ’ (11)

whence
N—N, o, [EH]

=% & (12)

The field Ep convensates the Hall current across the zone and, at
the same time, induces the Hall current's increase along the zone of inerea-

sed conductance, making the Hall current equzl to

Oo/oo
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Jju =~ No, = — (N = Np)— 2~ (13)

Oy H?

(E,H)] c2? {[EHH)
H
The total current z2lony the irresularity is

N—DN, o2
’ ‘iz-)E. (14)

N [o]]

'=1v(o,+

Tn case of magnetic storms or bay~line disturbancces in the aurora

zone, the ionization density in the zone is significantly grocater than that

in the surroundine ionosvhere, Thot is v the currrnt density is

j& N(o2+ 02/ o)) E. (15}

During 317 tre rurera glow intensity, and thus also the rate of
ion formation, fluctuate continuously. Conseyently, the ionization density
in the ionosnhere fluctuates also. ‘/hen discussing the SPP~-s of the geomag-
netic field of the types sip and Qg? that is the oscillations with periods
from 1 to 107 sec., the long-period voriations of ionization density may be
represented »s a quasistationary process, Therefore, the ionization density
mzy be written in the forn of a sum

N = N, + oN(1). (16)

The relative vorintion of currexzt density is determin~d as

B _ AN, Ao av A
PN Ty T (17)
trhat ic, the variationz of ionosuhere current deusity is provortional to
the vrrintion of ionization density. The variation of the ionization density
in the ionosvhere in cuse of SFP is determined by the formula (5).
Corsequently, the density voriotion of the dynamocurrent in the ionosphere
for the ccse of type-sip and nc® SPP's, developing at time of bay-like dis=
turb.nece, is determined v tie formula
g; T A’—No 0'22 [L’H]
___(0‘—+-_ =
o N Oy

<

ol (18)

c

The v ria*tion of the geoma~netie field, inducec¢ by this current,

nzr be determined by the formula

[8jR]

f)H———S o V. (19)



6.

The amplitude of geomasnetic field's type-sip and pc® SPP's may
be computed from the following initicl data: the periods of SPP's lay in
the limits from 1 to 100 sec, the intersity of aurora light flux pulsations
constitutes 1 —~ 10% of the total aurora intensity and is equal to sone
0sl = 1 k= rayleirhs. The ratio 6;/6, =50, the value of conductance is
6 = (1= 1) +107%

= 100 m/secy, H= 0,5 oe. The ionosphere current may be apvroximated by a

CGSM, The velocity of the ionospheric wind is ¢ ==

flat layer. In this case the amplitude of irregular type- sip and 290 SPP!'s
induced by the fluectuations of the ionospheric dynamocurrent, will be eqgual
to 041 — 20 Y. Similar amplitudes of irregular SPP's are more often obser-
ved in the aurora zone during bay-like disturbances. It follows from (18)
that the rlow pulsations, emerpging in the absence of magnetoionospherie
disturbances, can not lead to the appearance in the geomagnetic field of

significant SPP's.
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